Abstract-
I. INTRODUCTION
he simplest type of three-phase rectifier has a diode bridge circuit with a bulk storage capacitor on the dc side. This rectifier is simple and robust but has low input power factor, high level of line current harmonics and unidirectional power flow. Due to these limitations and considering the advances in power semiconductor devices and digital signal processors, three-phase PWM rectifiers ( Fig. 1 ) have received more attention [1] . Main advantages of PWM rectifiers are:
• bidirectional power flow, • regulation of dc side voltage, • sinusoidal line current and low harmonic distortion, • near unity power factor, and • reduced dc filter size.
A conventional control method of the PWM rectifiers is voltage oriented control (VOC) which is based on the control of input current [2] [3] . Although this method has fine dynamic and static characteristics via internal current control loops but its performance strongly depends on the quality of the applied current control strategy. Another common control approach for PWM rectifiers is based on instantaneous direct active and reactive power control and is called direct power control (DPC) [4] [5] [6] . 
where subscripts d and q represent the direct and the quadrature axis parameters, respectively. The ac side voltages in respect to dc voltage and switching states in dq coordinates are:
Improved Switching 
III. SWITCHING TABLE BASED DIRECT POWER CONTROL
The switching table based direct power control (ST-DPC) approach uses the dc voltage error to generate command value for active power. Command value for reactive power is set zero which leads to unity power factor (Fig. 2) . Active and reactive powers are calculated using line voltages and currents, and power errors are delivered to hysteresis controllers. By using controller's outputs and the voltage space vector position, a voltage vector is selected from the switching table. The plain of voltage vector is shown in Fig. 3 and the corresponding switching table of DPC is presented in Table 1 . 
IV. DETERMINATION OF SWITCHING TABLE
Applying each voltage vector (Fig. 3 ) to converter causes a change in active and reactive power value, therefore for each condition and each sector of the voltage plane, one of the 7 voltage vectors (that has the best effect) is selected.
The equations of active and reactive powers in dq coordinates are:
Assuming balanced line voltages, the rate of active and reactive power changes are as follows: 
where m v is the amplitude of line voltage. [7] . By using Eqs. 1-2 and 5-6, the reference values of rectifier voltage can be obtained. 
where P * is active power reference, P and Q are actual active and reactive powers and T S is the sampling time.
are calculated from Eqs. 3-4 for all voltage vectors and the vector that minimizes Eq. 13 is selected. 
VI. SIMULATION RESULTS
Simulations have been performed for ST-DPC, IST-DPC and PDPC methods using the Matlab/Simulink software. System parameters are presented in Table 3 . Simulations results for a step change in command value of active power from 2kw to 4kw are compared in Fig.6 . It is clear that reactive power in ST-DPC has more ripples and therefore its line current has a higher THD. In PDPC method reactive power is smoother and its line current has a lower THD (Fig.  7) . Table 4 presents the THD of the line current for the three control approaches. In order to compare the switching losses, the number of switching actions in a specified time is used as an index. Figure 8 illustrates the numbers of switching versus time for the three corresponding control approaches. As expected, the PDPC approach has better line current quality (e.g., THD= 4.3%) and shorter response time, however, it requires longer computing time (e.g., more number of switching actions as presented in Fig. 8 ) and its performance depends on line parameters. It can be observed that IST-DPC successfully tracks command active power and effectively limits reactive power to zero. Fig.  7 shows the line current for a sinusoidal supply voltage. It is clear that current quality in IST-DPC is as well as PDPC, however, the switching losses in IST-DPC are lower than other methods. 
VII. CONCLUSIONS
In this paper the switching table based direct power control approach of three-phase PWM rectifier is analyzed and an improved switching table is presented. The performance of the proposed control scheme as compared with the conventional ST-DPC and PDPC methods is investigated. Based on the simulations results:
• All three control approaches track the command active power and effectively limit reactive power.
• The PDPC approach has the lowest line current harmonic distortion; however, it requires longer computing time and its performance depends on line parameters.
• The current quality of the proposed IST-DPC approach is better than the ST-DPC and is as low as the PDPC.
• IST-DPC requires less switching actions as compared with the other two control methods. The performance of the proposed IST-DPC approach is better than the conventional ST-DPC and comparable with the PDPC; however, it is a superior choice since it has higher efficiency due to less number of required switching actions. 
